This paper uses the latest data on both broadband availability and adoption to empirically gauge the contribution of broadband to the economic health of rural areas. We utilize availability data from the National Broadband Map aggregated to county level, and county-level adoption data from Federal Communication Commission's Form 477. Economic health variables of interest include median household income, number of firms with paid employees, total employed, percentage in poverty, and the percentage of employees classified as either creative class or nonfarm proprietors. A propensity score matching technique (between a "treated" group and a control group) is used to make causal statements regarding broadband and economic health. We measure whether the growth rates between 2001 and 2010 for different economic measures are statistically different for the treated and non-treated groups, restricting the analysis to nonmetropolitan counties. Results suggest that high levels of broadband adoption in rural areas do causally (and positively) impact income growth between 2001 and 2010 as well as (negatively) influence unemployment growth. Similarly, low levels of broadband adoption in rural areas lead to declines in the number of firms and total employment numbers in the county. Broadband availability measures (as opposed to adoption) demonstrate only limited impact in the results.
Introduction
The diffusion of broadband Internet access across America during the 2000s brought with it a significant amount of concern that rural areas might be left behind in terms of the availability, adoption, and benefits of this technology (Malecki, 2003; Parker, 2000; Strover, 2001) 1 . The presence of a rural -urban broadband "digital divide" is well documented in the economic literature (Whitacre and Mills, 2007; Dickes, Lamie, and Whitacre, 2010; Strover, 2011) . Several studies have suggested that broadband access positively impacts employment as well as other quality of life issues (health care, education, social linkages) in rural areas (Katz and Suter, 2009; LaRose et al., 2008; Stenberg et al., 2009) ; however, many analyses were based on hypothetical assumptions or case studies. Until recently, very little reliable and useable broadband infrastructure data has been available, and assessments of programs designed to improve broadband access and adoption are quite limited. Contemporary empirical evaluations of the economic impacts of broadband in rural areas are generally lacking.
State and federal policies related to broadband investment and deployment remain 
Literature Review
Many recent studies in the economics literature have attempted to demonstrate broadband's influence on productivity or economic gains, although most have been focused on aggregate or urban economies. In one of the earliest (and most widely cited) studies, Lehr et al. (2005) concluded that relative to communities without broadband, communities with consumer broadband between 1998 and 2002 experienced larger levels of growth in employment, numbers of businesses, and businesses in IT-intensive sectors. Gillett et al. (2006) similarly demonstrated a positive relationship between broadband availability and employment / business growthespecially growth in IT-related businesses. They did not, however, find any relationship with wage levels. Each of these studies noted that the data available at that time were primarily supply-side, and that better data on demand (i.e. adoption) were sorely needed.
The organization Connected Nation (2012) reports the results of several surveys on business uses of broadband, concluding that improved infrastructure contributes to economic outcomes such as more retail sales and additional job opportunities associated with building wireless (and wireline) networks. As a supply-side organization that facilitates infrastructure development and statewide broadband mapping -and consequently has access to important data -Connected Nation's analyses could make crucial contributions to our understanding of broadband's outcomes. However, their 2012 business analysis is based on self reported data from 7004 firms and lacks the controls and design features that allow causal determinations; they also do not focus on rural regions. 2 Nevertheless, this organization's advocacy has been a loud voice in the discourse around how broadband serves rural regions.
Several current studies have attempted to rigorously assess the causal relationship between broadband and economic development. Koutroumpis (2009) summarized ways that rural communities and businesses can potentially benefit from broadband, including research on distance education, telehealth, and telework. Kuttner (2012) concurs with the notion that broadband is important for rural areas, but focuses instead on attempting to quantify the opportunity costs of not having broadband in these communities by using hypothetical examples. Similarly, Whitacre (2011) demonstrates the economic importance of telemedicine in rural areas (which requires broadband), but his analysis is based on simple case studies. However, while most of the literature suggests that broadband is important for sustaining and improving rural economies, some work has questioned its relative value. In particular, Galloway (2007) implies that rural businesses do not tend to seek growth opportunities, which is more important for job growth than broadband availability.
In general, the studies related to broadband and rural economic development are limited.
Most analysis related to broadband and economic outcomes are focused on aggregate or urban measures, with investigations specific to rural typically being more anecdotal or hypothetical.
This paper seeks to address this shortfall and provide empirical evidence of a causal relationship between broadband availability / adoption and economic growth in rural areas.
Data
This paper meshes recent broadband availability data with recent adoption data. The specific data sources used are 2010 versions of:
 FCC County-level broadband adoption data (county-level broadband adoption rates)
 National Broadband Map infrastructure availability data (aggregated to county level)
Each of these sources is detailed below.
FCC County level data (Form 477)
Since 2008, the FCC has provided categorical data on county-level household broadband adoption rates, along with measures of the number of broadband providers for residential fixed (wired) connections. One of the most useful features of these data is that they can be easily meshed with other county-level sources, such as demographic data provided by the Census or economic measures provided by the Bureau of Economic Analysis (BEA) or elsewhere.
Counties are also readily classified as non-metro, micro, and non-core, allowing for a lower level of analysis for more rural parts of the country. 
National Broadband Map (NBM) Data
Fall 2010 data 6 from the National Broadband Map were utilized to obtain average values for the maximum advertised download/upload speeds and unique number of providers at the county level. The NBM is an online database that allows users to access broadband availability at the neighborhood (census block) level. The NBM data has been critiqued on several points; namely that it is provided by infrastructure carriers who have an incentive to overstate their service areas, that a census block is considered served if even one customer in that area has access to broadband, and the manner in which empty census blocks are handled (Grubesic, 2012) . These caveats may inflate the availability rates for some rural areas since a small portion of those areas may receive the same level of broadband service as a neighboring urban community. Nevertheless, this data represents a marked improvement from previous data collection efforts related to broadband infrastructure provision.
This study focuses on several variables from the NBM: maximum advertised 7 upload/download speeds and number of providers. However, since data are available at the block group level, aggregation to the county-level was necessary. In order to achieve this, Microsoft
Access and Excel software were utilized. First, due to the size of the datasets, Microsoft Access was utilized to "break up" the dataset into smaller sub-datasets so these in turn could be analyzed in Excel. Second, a unique identifier was assigned after combining the holding company unique number and the county-level FIPS code. Third, pivot tables in Microsoft Excel were used to obtain the unique number of providers as well as the average maximum advertised upload/download speeds at the county level.
Data provided for the NBM resulted in another useful measure: the percentage of the population for which no wired broadband infrastructure was available. These data, referred to in the text that follows as "no broadband," are only available for 2010 and are based on an alternative definition of broadband (3 Mbps download, 768 kbps upload) than is typically used elsewhere. However, this measure is quite useful in providing information about broadband availability; such a measure cannot be gleaned from county-level numbers of providers. Again, for the purposes of this report, these data were aggregated to the county level for use with FCC data and to the metro / non-metro portion of the state when meshed with CPS data. Only wireline technologies were used for this measure due to concerns about the accuracy of the mobile wireless broadband data (FCC, 2012).
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Demographic and Economic Data
This paper seeks to answer whether broadband availability and / or adoption contribute to (and in particular, cause) economic health outcomes in rural areas. Recent studies (Stephens and Partridge, 2011; McGranahan, Wojan, and Lambert, 2011; Goetz, Fleming, and Rupasingha, 2012 ) point to the percentage of self-employed (i.e. nonfarm proprietors), the percentage of employees classified as creative class, income levels, and employment levels as measures of rural economic health. Therefore, we use these indicators as well as standard ones (such as poverty rates and number of firms) to better understand the relationship between economic health in rural areas and broadband adoption/availability. We also include a wide array of demographic data that may be related to broadband adoption such as age category, race, natural 8 According to the FCC report, "…we have concerns that providers are reporting services as meeting the broadband speed benchmark when they likely do not. … although mobile networks deployed as of June 30, 2010 may be capable of delivering peak speeds of 3 Mbps / 768 kpbs or more in some circumstances, the conditions under which these peak speeds could actually occur are rare." (FCC, 2012, P. 25-26) amenity ranking, and county dependencies such as farming or manufacturing. These data come mostly from the Census and the Bureau of Economic Analysis.
Maps and Descriptive Statistics
Figure 1 displays the 2010 FCC adoption data from a geographic perspective. Several states exhibit low levels of adoption, notably those in the South (Georgia, Mississippi, and parts of Louisiana, Texas, and Oklahoma). Very high levels of broadband adoption exist in the Northeast, and also near Denver in Colorado. Interestingly, most states have pockets of counties with high levels of adoption, and there does appear to be a general spatial trend among the data.
Many of the counties with low levels of adoption are lightly populated and have lower income levels. In fact, the average county population in 2010 for counties with the lowest adoption levels is 11,760 (compared to the national average of 25,020 for all non-metro counties).
Similarly, the average median household income level in these counties is $34,500 compared to $39,500 for all non-metro counties.
[ [ Figure 2 about here]
We also look at the percentage of the population in each county without access to broadband capability, and how these trends differ by metro / micro / noncore status ( Figure 3 ).
Here, broadband is defined as 3 Mbps download speed and 768 kbps upload, a higher threshold than used in the previous maps. As expected, most metropolitan counties have high levels of broadband availability (only about 3% of the metropolitan population lacks it), while the noncore areas have the worst (26% of the non-core population lacks availability). There are large pockets of micro and non-core counties with very poor levels of broadband availability in several states, notably the mountainous terrain of West Virginia and portions of many Midwest states.
[ Figure 3 about here]
As another way of looking at this data, Figure 4 displays the spectrum of broadband availability categories across metro, micro, and non-core counties. This figure shows that there are wide discrepancies in broadband availability across these designations. While more than 40% of metropolitan counties have the highest level of availability (with less than 2% of the population lacking access), only 5% of non-core counties are in this category. And perhaps more strikingly, nearly 30% of all non-core counties have more than 40% of their population lacking access to wired broadband infrastructure.
[ Figure 4 about here]
In order to assess the relationship between broadband and economic health, we develop several thresholds related to broadband adoption and availability. Our hypothesis is that high or low levels of broadband adoption / availability may promote or deter economic activity within the county. In particular, we define high and low thresholds for: (1) broadband adoption, (2) broadband availability (% of population with access), (3) number of broadband providers, (4) average advertised download speed. Table 1 below summarizes these thresholds and demonstrates the percentage of non-metropolitan counties that can be placed in each. 23% of non-metro counties achieve the "high-adoption" threshold (household adoption rates of over 60%), while 27.8% are classified as "low-adopting" (household rates of less than 40%). In terms of availability, 41% of non-metro counties have more than 85% of their population with broadband available to them, and are classified as "high-availability." 14.5% have more than 50% of their population without access to wired broadband, and are classified as "lowavailability." Similar cutoff points are applied to the number of residential broadband providers (high threshold: 5) and average advertised download speeds (high threshold: 10 Mbps).
[ Table 1 about here]
As a preliminary way of investigating how achieving these thresholds has affected economic prosperity, Table 2 summarizes how the percentage change between 2001 and 2010 in 8 economic measures has varied across the high and low categories. These statistics demonstrate that while higher levels of economic improvement are often found in counties meeting the "high" broadband thresholds, this is not always the case. For example, non-metro counties meeting the high threshold for broadband adoption experienced higher growth in median household income levels, number of firms, and total employment when compared to non-metro counties that did not meet either the high or low threshold. However, these same counties also experienced lower growth rates in the percentage of non-farm proprietors. Similarly, under the broadband availability category, non-metro counties with high levels of availability experienced more growth in the percentage of employees in the creative class and in the overall number of firms.
However, they also had lower growth rates in median household income levels and the percentage of non-farm proprietors, and had higher growth rates of poverty and unemployment.
Comparable trends can be found with the high threshold for the number of residential providers (higher growth in the creative class, but lower levels of income and higher rates of poverty / unemployment). Non-metro counties with high levels of average advertised download speeds demonstrate mostly positive comparisons, with higher levels of creative class employees, lower losses in the number of total employees, and lower increases in poverty rates. Similar stories can be told regarding the "low" broadband thresholds: low adoption is associated with lower growth in the number of firms and the number employed, but higher rates of non-farm proprietors.
Counties with lower levels of broadband availability surprisingly demonstrate higher growth in income levels and the number of firms, but also show higher growth in poverty.
[ Table 2 about here]
The statistics provided in Table 2 represent a first step in assessing whether achieving specific broadband thresholds might influence the economy of a non-metropolitan county. There is, however, a significant amount of self-selection occurring: counties with high levels of income or employment growth may see their broadband adoption rates rise. To begin discussing causal relationships, however, more rigorous statistical techniques are required. The following section discusses the use of a propensity score matching technique, which, along with the FCC and National Broadband Map data, is used to assess the impact of various broadband thresholds on the eight economic indicators discussed above.
Propensity Score Matching (Average Treatment Effects)
The technique implemented to estimate broadband's causal contribution to economic health is known as propensity score matching, used in the context of estimating average treatment effects (ATE). The ATE measures the average causal difference in outcomes between a treated group and a control group (Rosenbaum and Rubin, 1982) . The previously defined thresholds of broadband availability or adoption serve as "treatment" indicators -for instance, having a high level of broadband adoption (>60%) or having a high level of average download speed available (>10 Mbps) in your county. The "controls" would be otherwise similar counties that do not meet this criterion. In general, if and represent the changes to economic indicators to areas that have and have not met the broadband criterion, respectively, then the ATE (or more precisely, the ATE on the Treated or ATET) is written as
where equals 1 for areas that meet the broadband availability criteria (treated) and 0 for areas that do not (non-treated). The second term is this expression is non-observable: it is the expected value of the economic indicator for the treated group had they not achieved the broadband threshold of interest. Our modeling strategy seeks to produce a control group that is measurably similar to the treated group, but did not achieve the broadband threshold. Put another way, we can observe either or for a particular place, but not both, since each county will have either met or not met the broadband threshold of interest. This implies that there is self-selection into the treatment group, which would typically cause unbiased estimates of the treatment's impact (Wooldridge, 2002) . 9 To obtain unbiased estimates, an assumption of conditional independence is applied (Imbens, 2004) , which means that there are no unobservable differences between areas that meet the broadband threshold and those that do not. Thus, each 'treated' county needs a comparable, nontreated counterpart. To accomplish this, the ATE technique seeks to "match" counties that met the broadband criterion with otherwise similar communities that did not. The first step in doing so is to estimate the propensity score -that is, the likelihood of meeting the broadband adoption / availability criteria.
Most applications in the statistics literature use a logit model to estimate this propensity score, where the conditional probability of meeting the broadband threshold is modeled on observable predictors such as the socioeconomic variables that might influence adoption or availability. A wide array of literature has already assessed this topic; we draw from many of these studies to develop the socio-economic characteristics to be included in our propensity score model. These characteristics include income and education levels, age, race / ethnicity, and level suggests various methods for matching, the simplest of which is nearest-neighbor. This technique matches treated and non-treated units by searching for the closest propensity score between the two groups, and can be altered to include nearest 'groups' of neighbors to prevent outliers from skewing the results. The results presented in this section use the five closest neighbors from the comparison group. As a robustness check, we also include kernel matching estimators. These estimators offer a solution in the case of potentially large discrepancies between neighbors by calculating the distance between a treatment case and various control cases, and giving higher weight to the control cases that are closer.
To ensure that the logit model capturing the likelihood of meeting a particular broadband threshold is not influenced by broadband investments already made, relatively deep lags are used in this specification. In particular, the probability of meeting each of the broadband thresholds is modeled on 2001 county characteristics, which is before most private cable or phone companies began aggressively investing in broadband -particularly in non-metro areas (Bright, 2001) . The ATET methodology allows for a comparison between the groups.
Results
The results of the propensity score matching / ATET technique are displayed in Table 3 below. A multitude of different broadband adoption / availability thresholds were tested; only those displayed below demonstrated statistically significant differences between treated and nontreated groups of economic measures. All economic outcomes used are changes over the 2001 to 2010 time period. The pseudo R 2 of the logit model specification is also displayed. The results displayed are those for the nearest neighbor matching method; however all significant outcomes were verified with the kernel matching technique. All outcomes reported in Table 3 demonstrated significant results under both methods.
[Insert Table 3 about here]
The results suggest that, generally, broadband adoption, availability, and download speed do have meaningful impacts on growth rates of economic health measures in non-metropolitan counties. In particular, non-metro counties that demonstrated high levels of broadband adoption (defined as county-level adoption rates >60%) had significantly higher levels of growth in median household income and significantly reduced levels of unemployment when compared with otherwise similar counties that did not meet this threshold. Alternatively, low levels of broadband adoption (<40%) imply detrimental impacts for rural businesses, with low-adoption counties having firm and employment growth rates approximately 3 percentage points lower when compared to their matched counterparts. The logit models underlying these two results had relatively high goodness of fit measures, with pseudo R 2 values of around 0.25.
Broadband availability thresholds also demonstrate some (potentially causal) relationships with economic health, although the results are somewhat counterintuitive. Nonmetro counties with high levels of broadband availability (>85%) had growth rates of non-farm proprietors income that were over 5 percentage points lower than comparable counties with lower levels of availability. This suggests that high levels of availability are actually causing non-farm proprietor income to decline -perhaps suggesting that non-farm proprietors in these areas are not taking advantage of higher levels of availability. If residents have high levels of availability, they may expect most businesses they deal with (including the self-employed) to offer online payment options or have a viable web presence. Entrepreneurs who do not offer these elements might find their incomes declining. Table 4 also demonstrates that non-metro counties with low levels of broadband availability (<50%) had growth rates of median household income that were marginally higher than otherwise similar counties. Although this result is counterintuitive, recall that the treated and non-treated groups are matched based on their probabilities of reaching the broadband threshold -in this case, having very poor broadband availability. Counties with high likelihoods of having such poor levels of infrastructure likely have low population densities, and relatively low income and education levels. Changes to median household income over a 10-year period can be driven by any number of factors, including returns to those residents that do have access to (and productively use) broadband.
In terms of broadband download speeds, attaining a high threshold (> 10 Mpbs) appears to be causally linked to higher increases in the percentage of employees classified as creative class workers. Although the difference between treated and control groups was less than 1 percentage point in this case, many rural communities are actively seeking to attract creative class workers, and these results indicate that having high download speeds available plays a role.
Poverty levels were also roughly 2.6 percentage points lower in non-metro counties with high download speeds compared to otherwise similar counties, suggesting that broadband speed can be an important contributor to general community well-being. Finally, having only low levels of average download speeds (< 3Mbps) is associated with marginally higher growth rates in median household income. This counterintuitive result may suggest that many productive uses of broadband can still be accomplished at lower speeds. Note, however, that the fit of these models is significantly lower than previous efforts (pseudo R 2 of only 0.04 to 0.07). Finally, having a high or low number of broadband providers does not provide any significant results for the economic health measures in question.
It is important to note that because the only difference between the treated and control group is meeting the broadband criterion, use of the ATE technique allows for statements about causality (Rubin, 2006; Dehejia and Wahba, 2002) . In general, then, the results of the propensity score specifications suggest that broadband does contribute to the economic health of non-metro counties, and that meaningful relationships are found for broadband adoption, availability, and download speeds. In particular, high levels of broadband adoption are causally linked to increases in median household income and lower unemployment growth; low levels of broadband adoption negatively impact non-metro counties in the form of lower numbers of firms and employment. The relationships with availability and download speeds are less intuitive -the impacts of achieving some "high" or "low" thresholds are not always in the hypothesized direction. From a policy standpoint, this suggests a need to focus on increasing adoption rates in order to spur economic growth, and that simply improving levels of infrastructure availability will not necessarily achieve that goal.
Connected Nation: Impacting Adoption Rates or Number of Providers?
One of the most well-known 'grassroots' programs focusing on broadband availability and adoption is Connected Nation. Originally started in Kentucky, the program is known for working with various broadband providers and community stakeholders and residents to generate detailed maps of unserved areas within a state. A large portion of their work, however, focuses on increasing broadband adoption in various communities. Their programs include "Get Summary statistics for counties that participated in the Connected Nation program in these states are displayed in Table 4 [Insert Table 4 about here]
The statistics displayed above suggest that while Connected Nation participants saw larger increases to the number of broadband providers in their counties, they tended to lag nonparticipants in terms of broadband adoption increases (though none of the differences in noncore counties are statistically significant).
However, simple descriptive statistics of program participant categories do not give a fair comparison. It is highly possible (and even likely) that counties participating in the program had drastically different socio-economic characteristics than their non-participating counterparts.
These characteristics clearly impact broadband adoption rates, as demonstrated from a review of the relevant literature (Horrigan, 2009; Hitt and Tambe, 2007; Whitacre, 2010) . To accurately control for this and assess the impact of the Connected Nation program in Ohio and Tennessee, a quasi-experimental design technique was used. The technique is known as Mahalanobis matching, and involves creating a distance based on correlations between variables (in this case, between variables known to influence broadband adoption). The idea is to generate a list of non-participating counties with characteristics similar to those that went through the Connected Nation program. Comparing changes between these two groups is much more revealing than looking at summary statistics for all non-participating counties, and has been shown to reduce bias in random samples (Rubin, 1980) . Further, the Mahalanobis distance has been shown to work quite well when there are relatively few (less than 8) covariates (Zhao, 2004) .
The Stata command 'mahapick' was used to create matching counties for each Connected Nation participant based on Mahalanobis distances associated with 2008 levels of factors influencing broadband adoption taken from the relevant literature on this topic: population sizes, education levels, unemployment and poverty rates, median household income levels, and age and racial composition. The average percentage change in the variables of interest (broadband adoption category and number of residential providers) was then calculated for the 5 closest counties matching each Connected Nation participant. Table 5 below displays the resulting statistics for the matched counties, and t-tests for whether the differences between Connected Nation and matched counties are statistically significant.
[Insert Table 5 
Conclusion and Policy Implications
This research yields important findings on the effect of broadband on economic gains, namely on household income and employment levels. The ability to do matched county comparisons, specifically in non-metro counties, demonstrates the influence of adoption (as opposed to availability) in producing these positive outcomes, and constitutes another indication that development efforts should focus on mobilizing populations to subscribe to and use broadband capabilities. Again, cultivating local leadership, mobilizing the services of cooperative extension educators nationwide, and working more closely with each State Broadband Initiative could be fruitful avenues for targeting adoption. 12 Our matching results do produce some puzzling results, including a positive relationship between low levels of both availability / download speeds and median household income growth. We can hypothesize that median income can grow on the basis of those that do have access to at least some level of broadband, but these results still warrant further investigation. A particularly interesting result is that achieving high levels of download speed in non-metropolitan counties does seem to have the desired result of attracting creative class workers and lowering poverty levels. This suggests that while promoting adoption should be the first and foremost goal, achieving higher levels of speed in rural areas is also a worthy policy premise. In the future, case studies on very high speed networks such as those in Chattanooga and Kansas City may also be warranted given that most (76%) of economic development professionals in a recent survey felt that speeds of 100 Mbps or greater were needed to effectively attract new businesses (Settles, 2012) . The recent growth of fiber networks in rural portions of the country (many funded by the American Recovery and Reinvestment Act) will also provide an opportunity for studies related to economic growth.
In terms of policy options that mobilize local providers and communities to map and become more aware of local telecommunications infrastructure, the comparisons presented in the analyses of two states in the Connected Nation program illustrate that even with an increase in numbers of providers -an outcome of the Connected Nation program -adoption may not (and did not in these data) necessarily increase. Inasmuch as adopting (and using) broadband must be a focus of digital divide policy, our options must consider the means to encourage people to subscribe to broadband services once they are present. Hauge and Prieger (2010) provide an excellent overview of issues associated with encouraging broadband adoption, including the need for systematic evaluation of programs focused on demand. The FCC's attempt to experiment with the Lifeline programs through the Broadband Adoption Pilot Program, in which providers are expected to help address "other challenges" to broadband adoption such as the cost of devices and digital literacy, represents an interesting behavioral economics approach to this issue (FCC, 2012) . As well, the endeavors of municipalities and other groups to provide broadband services, particularly when local privately-owned options are deemed insufficient, should be carefully examined and supported when community needs warrant this option. 
